14 Cardiac diseases with elevated central venous pressure have higher frequency of jugular venous 15 reflux (JVR), which is associated with decreased cerebral blood flow and white matter 16 hyperintensities. Whether patients with severe mitral-regurgitation (SMR) have poorer cognitive 17 functions and whether JVR is involved were determined. Patients with SMR and age/sex-matched 18 controls were prospectively recruited. Neuropsychological tests such as global cognitive 19 (Mini-Mental State Examination, MMSE), verbal memory, executive, and visuospatial domains were 20 performed. Cardiac parameters by cardiac catheterisation and echocardiography, and the frequency 21 of JVR by colour-coded duplex ultrasonography were obtained. Forty patients with SMR and 40 22 controls (71.1±12.2, 38-89 years; 75% men) were included. Compared with the controls, patients 23 with SMR had lower scores in all neuropsychological tests but only MMSE and visuospatial test 24 scores were statistically significant after adjusting for age, sex, and educational level. We further 25 adjusted for cardiovascular risk factors; the significance remained in the visuospatial test but 26 diminished in MMSE. Multivariate linear regression analyses adjusted for age, sex, and educational 27 level showed that JVR combined with high right-atrial-pressure (RAP > 50th-percentile, 12 mmHg)
6 74 sonography. Cardiac diseases other than mitral valvular disease were excluded because they might 75 have different mechanisms and effects on the cognitive functions. A total of 40 individuals were 76 included based on these criteria. We also recruited 40 age-and sex-matched normal controls from 77 outpatients who visited our neurological clinics. These normal controls had no cardiac, neurological, 78 or malignant medical histories.
79
Cardiovascular risk factors were either measured or assessed through self-report. The presence 80 of hypertension was determined by a self-report of current antihypertensive medication prescription 81 or by a measurement of either systolic BP of ≥140 mmHg or diastolic BP ≥90 mmHg [12] . Diabetes 82 mellitus (DM) was defined by either a self-report of current DM medication or a measurement of 83 haemoglobin A1c (HgbA1c) of ≥6.5% [13] . Chronic kidney disease (CKD) was defined according to 84 an estimated glomerular filtration rate (eGFR) of ≤60 mL/min/1.73 m 2 [14] . The design of this study 85 was reviewed and approved by the institutional review board of Taipei Veterans General Hospital. 
146
To test our postulation that cerebral venous return status might be involved in the relationship 147 between cognitive impairment and SMR, we analysed the hemodynamic parameters that may affect 148 cerebral venous return, e.g., the RAP and presence of JVR, as independent variables individually.
149 We also used the 50th percentile of the mean RAP, with 12 mmHg as a cut-off point. 
238
The present study has limitations. The study sample size was relatively small. In addition, the 239 cross-sectional study setting could not establish a causal relationship. Therefore, a larger and 240 longitudinal study is necessary to validate our postulation. In addition, more investigated tools such 241 as brain imaging are needed to further evaluate the underlying mechanisms between the cerebral 242 venous drainage impairment and cognitive abnormalities in SMR. Patients with SMR had poorer cognitive function, particularly in the visuospatial domain, and 246 JVR combined with high RAP was associated with poorer visuospatial function in these patients.
247
The results suggest that retrogradely transmitted venous pressure but not low cardiac output might be 248 involved in the mechanisms mediating the relationship between valvular heart disease and brain 249 functions. In addition to management for decreasing RAP, IJV valve repair might be a potential 250 treatment option for cardiac disease-related brain dysfunctions. 
